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1/^ (57) Abstract: A seed crystal of a silicon carbide single crystal preferably used to produce a substrate (wafer) for a power device 
OO or a high-frequency device, a method for producing an ingot using the same are disclosed. The single crystal growing face of a seed 
crystal of a silicon carbide single crystal is inclined at an angle of 3 to 60 degrees with respect to the (1 1 -20) face toward the direction 
at an angle of -45 to 45 degrees inclined from the <0001> direction to the [1-100] direction. By growing a crystal using such a seed 
O crystal, high-quality silicon carbide single ingot is produced. According to the invention, a material of a favorable-quality SiC single 

O crystal having a diameter suitable to practical application and hardly including crystal defects such as micropipe defects and stacking 
faults can be produced with favorable reproducibility. 
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&fl;3£* (s i c) r±; W«W»t«««W3M£fc«^ &lt»fc:iav>«e©'»««K fls 

fc¥«a^*» (cvds) &m^xmm (s i) icitssii^r^ 

fefcSr kmz£V&<(Ofrf& (~10Wcm 2 ) SrStrS i CJMS*b^*** 

fc-T5fc«>te % S i CW^b*5 {0 0 0 1} !>*^Sr«*Sfifc LTJBV^T#W 
3»*Srff 5MSia)^— 'J— *fe* s ti**^'' N S < Yu - M - Tairov and V. F. Tsvetkov, 
Journal of Crystal Growth, Vol.52 (1981) pp. 146-150) „ 
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% T;V^lsm(0^fe&.$*Wm^*¥ (133Pa~13. 3 k P a ) T% W&i 102^3 

«S2 0 0 0~2 4 0 0t;i:M^S. z.(on. sic»*»*ioittt^Mtli 
JUp-TS £ . ia&43Efc:J: 9 if 10 2 *K:jjm#*<&*£43BBa s #&i'3 «t 5 fcft 9 

, %:<DWkm43mz&oxm.'&tfx&m£Mi 1 o 4{w-~-ifciw-3 0 

^ttfi^SW:, 10 4 KPJ*UfcJW;tf;*;&s«^ H B B 10 4 JnflfSSAflrf-S r. 

t HI <fc 9 mm.£fr. J&SfcSfH. 10 5 iS^^tbSo 10 5 <Dj&ffi*tt 

, ^^#*#H»+^*^#***^i~a*N XfiS i Cfe*»5|cl 0 ltpCTIsfi 

S i C^it©f 1X^*^*10^ Mm (nl), 

= £A (pi) tfSfc-So y — ?fe3:fflv^;ixJ2\ s i c^.^h%^>^b%^^ (6HI 

#(c % 4HI©S i Cl^^iAji, HGV^F-^lbgfSrWU ^!7~7VOf 

s i c^ H B H {4#e>nTv>^v> 0 
s i cWaW^H'f^ JfeftfftSteJlvNS {oooi} Fa3MSA©BDffit£fcJ: 

oXBff*S**l5. (OOOllffitlt Stt©*** (0 0 0 1) SilMtOO 

o-i) cffi©2«3Ba**>?K zti^tMDmvmmmtzs cmweBtfrft 

-CV^So {00 0 1} ttr^b2o©®©^D;ffeS, 
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fg-?fc<5^ 4Hi©SiCf» (0 0 0-1) C®@M£ffl^fc^<^Efcft 
(0 0 0-1) C®m^B B B-t^B B B^*^*6^* s fe^= 

9H5e> ±lB<ogfe^v— y-fe-e^i-fcs i c^ H B B ^bp#2-r (5 0mm) 

frt>3-(^?- (7 5mm) O {0 0 0 1} iSi C|^)x^^ 19 

te, f&cvDife (flMt;^*^) £iW;ft5;*7&£fflv^s i c?~^±Kmm&&Z> 
^■^-^-efe^o s i cV~^<Dm5>$Lt ttii, M (0001) s i mxte ( 

000-1) C®^^V^btl/6o 

fc°>-*-/l^PfB^5 0-2 0 0i/cm 2 S^JlTV>5 o If ^(Sfefi, * 

a^^ii«tl5 JTiiteCfc-C ifc 0 , ^t^^rv't ^ritft T ^£ <D * £ 3 1 # ^ 

ifcife TP. G. Neudeck et al. , IEEE Electron Device Letters, Vol. 15 (1994) pp. 63 
~65j icfH^ti/O^J;?^ Zthib<DXmfc£ 0 , aBix««E«^9l £ ti^> 0 

(T. Kimotoetal. , IEEE Tran. Electron. Devices, vol.46 (1999) PP,471-477) 0 w 
-(Di pft^td^U W5-2 6 2 5 9 9-§-4^BKte, {0 0 0 1} ffitSi£^ 

m^m^B^^mt tt, < o o o 1 >jffatmw:ttfafcs i c^aiSrj&S;*-* 

< 0 0 0 1 >^mtmm£^^s i cmaNi&jfcftS^fc*^^ 
^^o^y ^^^«it^^5itmcrt^#^^tb-cv>So Mz-&. xffi rj. 

Takahashi et al. , J. Cryst. Growth, vol.135 (1994) pp. 61-70 J tCfi, [1-10 0 
] ZffaXK [11-2 0] ^ftKlJ&^LfcS i cm^BK-f^^^^^V^^U^ 
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V>£fcj&Sft3*i*;ft,TV^. JEK^XlRrH. Yano et al. , Materials Science Forum, Vol, 338 
-342 (2000) pp. 1105-1108J fctt, 0d*.tf {0 0 0 1} ffifcMfc&rCfc* (11- 
2 0) S^VNfcMOS C^-MMd*-***) STO*b7y^^tt> 4H- 
S i CO^ (0 0 0 1) S iffiifcflMKUfcfcOfcJfc^T, »«ti:iisv^**A^» 

^OJ: 5 {0 0 0 1} SifciSififcKKiJfcSbfcS i C^ttft^ * 
te«r£*i\ {0 0 0 1} BK:fiB[*ffitt.r9*^'r^«3ftfc2:oTt*ffi4ffi'C*>S^V^ 
i 5o ^{c. [11-2 0] *rtlfc*«UfcS i c^y^y h*r*J»rU a*ow* 

u-c#btvs (n-2 0) ^xAftiiftics i c*f'^ **vmirz><»teM^x^ 
5„ rcDfcfe, (11-20) ®^^r-rs , ?^^±^si-^t: 0 ^^^^ /V ^^* ) "" r 

bJ&»Ufc#e>, rC*I«jKS i C¥i|*ft*:J&ftUfc4&^K:tt\ XU. rj. Takahashi et 
al., Journal of Crystal Growth, Vol.181 (1997) pp. 229-240 j fcl*3*3*l/CV%6 J: 

^ g rpK^m(D (oooi) ffi<DfomtKfa&&A£ti>zz.ki>mi>}rix^Zo - 

#PB^5-2 6 2 5 9 9-§^«^BH*Sn-CVNS*jfeS:ffiVNTt>, 



l ©^WfcWSlKflflHimiM***^**^***^ < o o o l >#fla>e> C 

1-10 0] 5&BJLL4 5«£JlT«»Ufc^t-lft»t-C, (11-2 0) ffirt* 

*M^2o%pj^s^b^m¥^B B B^b^5^ B %^«> < o o o i >3rm> 

h [1-10 0] 5S^±4 5SKJiTWtfc^lu|Sim, (11-20) 
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fcfclK <0 0 0 l>2?m&h [1-10 0] 3ffa\Z-4 5&&±4 5*fiTF«$H-fc 
^iRj^l^ttT, (1 1-20) j5^5)3g!5Jl±6 0^TWbfc*^*ffi^t5 

ii|§A*»b*0, <000 1>^H [1-10 0] *I«0t-4 5>«6l±4 5S^T 
&Lfc#!pJl-[6]tt-C, (11-2 0) B5**b3fteH±6 0S»T«^tfc^ B B H M 

m2«. &&y — Ss<z>jsssr^-r«*ia"c*>So 

hi 5 ARxtm 5 b r*. a*s a©*7^ t jfcft*si&©# y ?^yk(DMmzfrrrm?£ 
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m*mmtt£^xffimiKLmfcmt£-tzv>-?3bz>o -©^5* {0001} ®h:m*ipi 
i cmf&£k&j&&vfcm&\zmmxmm£.-tz**~xj*^ rj. Takahashi 

and N. Ohtani, Phys. Stat. Sol. (b), Vol.202 (1997) pp. 163-175J {dfB«fe £ V > 

So 

^^| t | L> < 0 0 0 1 >#ftj&»fc [1-10 0] 5&EU:4 
TWbfc^tci^it-C, (1 1-2 0) mfrbsmSX-tG 0^TM#4Lfc®£r^sfl 

fc*3, «T^^{-*3^-Cv ^h 3 ^*®^ (n-2 0) wfrbim-tzfimz r 
^^gj £?fcU ^^^^^WA^tb^^^ r^-7^|S]j ir^-TSo !U3{e:^i- 
<fc5i^ ^-7^fi> <0 0 0 1 >jjfa$LX$ [1-10 0] ^■ipJ^r^tfSl^Itcfe . 
$££kf&Mm<DfeBte. ^-^*lR)S.tJ ? < 11-20 >#ft&-a-tJM®l*lte:fc5o 
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mz.t£. (11-20) Btw^ro^iB^iitsiii. bp^> di-2 0) m 

<fe2 l tttS«-lRl*©E<fc2 2&b 9#S 0 -o<t5l^ s i c^WliofclMfc (K 
-(42 2) t*9a**i«i, ^©^Ir^i LTSI^H^S i C W^tH^tS 

o 

— (11-20) mfcttv~c*7ftm&mxi$tiz> @4Bt/Tti5(^ 

^7*m#<ft5l^, Wreath* <fcSi#K, 

Ufc#e>, (11-2 0) I±^OS i Cm^Bl^*^liU-C(iH-^^^ s ^^tbT*5 

3fci\ *:7#Ir)W\ <0 0 0 1 >2rfaa»k [1-100] #fafc-4 5&UUi4 5g 
M^Ufc*lSltib5ii, BP*>< 0 0 0 1 >J?faRXfi [1-10 0] 2ffa«r£t?BB 
rttefeVT, <0 0 0 1>*|ta**b±4 5ft-fixfc<fiBBrtK:*>Sil:39 s *Me"T?*So -o 
B3>f©^|i#-4 5mSl±4 5mSXTXhZ>f)\ Xfi 1 3 5^_k2 2 5^ 

^fti3^4 5fl?«fc9*£< 1 3 5g*I©i^, Xtt- 135Si^#<-45g 
5fe«f<Z>»^fcWu ^^faf^ <0 0 0 l>*"[p]J:<9 , b<l-l 0 0>#faKlj£<5< r 

ttefc*. i©t5ft»^^ *:7#fa}p<o o o 1 ^ifctofi^v^^att^fc^tt 
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> ^rs//otj|f^ia«t5. -eur, < i - 1 o o ^isiKiift-^-cv^w^tt 

Z.<Dtctt>, *7j5fo\t. <0 00 1>^f> [1-10 0] *rtlK:-4 5*£l±4 5 

fc*s % <oooi>*^(l f&3£tf>J:5»^ [oooi] s i^Stf [ooo-i 

eHS^-fbaS^feftSrfife*****^^**- [oooi] ; s i^srffl 
v>5Cfc«s»*UV\ 4HSi^b^*^*Sr****S*&K:r±s [0 0 0-1* 

[0 0 0 1] S i^faK*7ftfe&Wtfttbfifz.m&. &mXMs<OfeWU-£&f&& 
thZ>&, ^IW4HIS i C JEJUNI fc*HJBfc***»b"C«>*- r^IIKo 

IU5A^-t-J;5^x (11-2 0) iS^fe [0 0 0 1] S i*filW7fi*^R»tb- 
ftfc^&ifl&fflV^c^. M»ft2 2©5t>, KDiSy?^-? (4HS) Sr. 

3l#*<#toK:/*^fc9l**2 3W\ WB*©*!**^ (4HI) «r^H:3l£*r 

#\ 4HMo^y ^-r^SrMi-So **5 % §1^2 3©jfcft#fcitt, <oooi>^isi 
fc*fursm&:frfo-efc 9 . [11-20] ^jj-efcSo 

— *\ H5Ai^i-«fc5^ gi^rac^stfy m-fi&f&rr* «*jia»?>©5i# 

£31*1/0** {0 0 0 1}®, ^©t^li (0 0 0 1)' SiffitS<5V^JH^-f^ 

#8w££*b5o tfrifc©.fc5K:* (0 0 0 1) S i ®_k£i*4 HgJ©# y :70>tt*ttJfc 

ftU*V\ Z(Dtt#>. ^IW2 4^y^-f/li6Hl > Xlil5RS*y^^5 
jg&Lfc:6HM£&5o iot (11-20) mfrb(D3-7JofaZ: [0 0 0 1] Si* 

^axicatu (11-20) E^e> [ooo-i] c*ift^^*7^af^ia»tfc^fca*s 

ftSrJHVVfc*^ (HI5B) Kltt* *§imiFB2 5fi (0 0 0-1) CffiJitejfcSi-S-fc 
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0 0 0 1} ffidsfl^-cv^li-gi- 1 ^ Z:<Dmi?tiLfo£vX&&&&<D— Uft&tfV $4 
*7t> ^-7^|*t±. [11-20] *i$jSr3E!pfcbr3««±6 0S»T^fc6-fcx 

3 »£\ t£3fc<z>< 0 0 0 1 >#|*]^<DS i c]£teSfifcft£»flaufcJ**a s fT*> 
[11-2 0] ^•[fil^S^i U-C3S£i±6 0SKK'ifc5-^ s M"C'fc5 

o 

— -^JiLt, 3fci\ [0 0 0-1] C^lR](C^Ufc4H^S i CTO 
VN-Cfi, S i C»<0 0 0 1 >2nRjJ&*& [1-10 0] 7JlRlt-4 5^±4 5 

*»T«»ufcft*t©— *WKn«rt-c % (i i -2 o) ma>*b smu±e ootiml 
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*7c, &K4HM<DWf!i£k&M]&irZ>m&tete. Sicmio [ooo-i] 

fafrh [-1 10 0] 5&SX±4 5mSXTm®Vtc&:m<D— *l6]{-|B]tt-C, 

(11-2 0) S^b 0g^TMUfc®?:§]<9aiUffit-t-tl,«J:V\ 

m<Dt&&&m*&te<&Mte4'ims i cjjmnm*<ds i ci|iife*srwattjr<'»s-r. 

tot, S^SSaS^fei-itb^ 2 0mm&l±WPMtt5 4HlS i CWb^ 

o 

WJfeftflS*** - £: t-<fc 9 fT^tb^o IBM® S i C^S 1 miftftHf ^ 3 

Ar ^fcJ:SJE*«#Ptt^ Ar #xia<g 9|3J:t) t Ar^^7P-3y ha — 
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w05i9^ B ^^g^fflvN-c. s i c^ b b b, mii4His i cm^B^mm 

J3f5£»«. 6 0 0°Cm^^JiffSo *©t^ fl^tLTAr^^A 

01Ji«2 4OO«f-C±#$*5. BJf^J&RJE;^ 3kPaSt 

&%wmz>z.tic£V, 4Hls icWy^f^:tm5, 
*f-urSii:^ffi-e&s#-g-^f*. <o o o i >2rft (Co o o i] s i^rrtixw: 

[0 0 0-1] C^ft) 3ft* ?> [l-10 0]*lftfc-4 5«£Lt4 5aE»T««tfc* 
flfclfOttT, (11-2 0) S^5>3SK±6 og^TMMLfc^*^W/VJ&^®& 

*V^^|*«iBO (11-2 0) ®^b©MMt>3^±3 0£UTFi:&*K 
Ufc^-*S*«>*7^ft3ftS6fteJl-h3 Og^T-efc*U£\ * ■irA'jftftifi© (11 
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-20) m*b<Dm&&mi>6mu±3 omsiTt^^ 

5<e**Sr»fflbTt>«fcv\ BP*», 5fc1\ [ooo-i] c^ifi](^gbfc4HM©s i 

„ tyY) tHb®{COV^tl±. S i CUMSAGX 0 0 0 1 >^[6]^e> [1-10 0] *-f6]^ 

-4 5m&>±4 5m&.Tm®istc.&n<o—j7faK\iv?x, (11-20) m^sst&>± 

6 0^TTObfcffiM<9{±Sb®ti-So 
•t Lt, §JOttiLfcSK^®W®SrJS-rr i(-=t >9> S i Cfgilt (!7^) 

fc*5 % $J»JtiJL©HU ^-7^^©ffl|Bft#^|6]^b<0-rtb^±lg^F fe 9-C'fc^wi 
tCt «9 . S i C|jflffiSJ:l&, S i cm&&^\***i/*A'm&l&&&ltZ>Z.k&-£& 
tioTs StfGH3ft^r*KlJ;*ttf. 2 0mm£l±OPMtt5S i cm&&=**** 

r ^-c\ *^pj©H«ti{^SS i ciif B SI (£^\> fcfflv^s i 

©«fc*tt, Mfctf** 1 . 0 — 10. OXIO-V/f, 0. 3~3. 0X10- 7 m 3 

y^-c* fe s ^ t a>m& b v \ 
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-fSr bV\, 0!I^L^ M^lSOO'CtU (SiH 4 K 

> (C 3 H 8 ) RTffcm (H 2 ) <D$fSS£, ;fe*0. 1-10. 0X10-V/&, 0. 

6-6. 0X10-V/^ 1. 0-10. 0X10-'mV»it5.''i©*#^ 

#»KK::i3^T#*b<;flv^r.fca^£5. j*gJE27Wu b-cii:i: 

bixasft"T?*>nwr J: < , WK.t&m&ztite^&. 1-20 wibt?, 1 - 2 0 m 

(lHJStfiJ 1 ) 

B6fcijVrSfedlfife£i£»£fflvvT\ S i CJ^ttft«r3K3&bfc. AttWfcfi, 5tei\ CO 
0 0-1] C*-|pJt^Sbfc6HS^S i CJii|§*d»6>^*^Sr§H3aibfco 
N SiCTOitTIt -r-<^n/^^PfeSr^tP*s % ^Jf ^|fe;6S#£LftV^%tf^£• 
/BV^fc 0 £fc, |0?)ffiLffl}uO^TI4, SiClfel© (11-2 0) ffid»6> [0 0 0 
1] S i^lRjMl 0^K&bfcffi<£risD«3ffib©fc bfc (a=10° % 0 = 0° )» **5, 
[0 0 0 1] S i#l$J&»fe©1^h,W:±l*£*rtfc bfc. 

*b-c\ ^9ffib/c!7^M^ffiW^£;ife^-i^J:9, sic«t*i*ftfc. - 

l)H**2&3tei*bfc. JS»«r^*bfc»«&«syt«3S:, «Sh&'«:tt0f t mfc 

5^>i*isp^ebfco 
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16 0 0«C*T?±tffc. ^©#> fi^tttA r # * &SfsA£-i3r, ^SSttrtJEA 
^80kPa Kl«*>*^?>, Mg%lgi£St-fc5 2 4 0 O'C^-e^^-^fco 
fl^T, ^SJE^-efe5 1. 3kPa*-e«3 0^IBWn«EU -fcOfK $J2 0B# 
WWfc**r*fc»*fc. r©Bo*^rt©«*^Ettl 5*C/cmi:U **3iflett*5lO. 8 
mm/SltLt. #btlfc^ H B B^PM«2 2mmT*fc^ ffi £ tt 1 6 mmtfefccfc 

o 

Hi© s i c wMftsj&jt bfc n t tmm £ 

y bfrb (0 0 0 1) mt^^b (1-10 0) B^^^^^ttib. W^UfCo rfr 
fetf>l50 0 ffl Ut»t±, ^^iSH^fttWXftliW^ilfc 

(oooi) ©^^^^^v^rfi^^^^^^^P(S^c*j•j^:-t-5^:M<^7 , ^^^ 

aiy^-lf y (1-1 0 0) ffi t? ^^\^\^X\^M^k\^^-'t^>^^ < ^ :x - V 

iSfet, P^lJlUTSS!atUfc6HM«)S i CMMSft>f (1 1-20) flB? 

*^Sr9J0fflUfc o r©§IDtUb-t?tt. IMSa-rf^y h«rl«**lfilfc»urKtfM 
t^ftJWfUfc. Plli2 2mmtLfc 0 #CVvC\ JP£ 3 0 0 m m*T?OTB U *® 

56* (11-2 0) iS©S i C W B iffi!?*^^l-fco 

^fisrffofc. s i c^v?*i/^;i'nm<D&&*kmz.<>^xte, f&&m.m*i 500 

tiU ix^^ (SiH 4 k -fn^S (C 3 H 8 ) S-T^Tk* (H 2 ) (Dmm*. 3*c*5. 
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